Differentiation of stem cells to more specific tissue like heart, skin or nerve cells is influenced by long-range signaling molecules (morphogens). We designed a three-stacked microfluidic chip for long-term cultivation of cells to be probed with morphogen gradients to analyze this influence. We chose polycarbonate as material, which is commonly used in cytology. The microfluidic chip is made of two microstructured polycarbonate parts by hot embossing in a commercial polycarbonate foil. Each part contains one fluidic circuit: (1) the cell chamber part to cultivate and continuously supply the cells in and (2) the mixer part to form and provide a morphogen step gradient to these cells. A nanoperforated polycarbonate membrane embedded in-between the two parts allows exposing the cells to the provided step gradient. The two parts and the nanoperforated polycarbonate membrane of the microfluidic chip are assembled by a two-step thermal bonding process. We observed living and proliferating HeLa cells in the cell chamber part after six days of long-term cultivation. The activation of the Wnt/beta-catenin signaling pathway of HeLa cells in the cell chamber part was shown by applying a gradient of the Wnt pathway activator 6-bromoindirubin-3'-oxime (BIO) to the mixer part. We monitored the expected endogenous nuclear beta-catenin accumulation by fluorescence microscopy for those HeLa cells being exposed to a BIO concentration above the threshold. The presented microfluidic chips showed in a reproducible manner an adequate mechanical and chemical stability during the experiments. Polycarbonate is a material allowing for industrial mass production. Due to the three-stack design of the microfluidic chip, cells can be cultured under shear stress-free conditions and supplied continuously with culture medium, allowing for long-term experiments, while they are exposed to varying morphogen step gradients. We are convinced, that the differentiation of stem cells can be analyzed in a likewise microfluidic chip.
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